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| INTRODUC TI ON
Modern poultry production encounters various stresses especially the nutritional stress imposed by high dietary level of polyunsaturated fatty acids, mycotoxins, vitamins and minerals imbalance.
Moreover, broiler chicken has been improved genetically over the years for fast growth rate, which is associated with rapid cell proliferation, consequently, the level of reactive oxygen species (ROS) increases leading to oxidative stress (Surai, 2015) . The highly reactive and unstable nature of ROS has great biological concern due to their detrimental effect on cellular membranes, DNA and RNA.
Thus, these ROS may create stress in the body, disturbing many metabolic and immunological pathways (Halliwell & Gutteridge, 1999) .
Many studies suggested that the deficiency of dietary nutrients, especially amino acids, can impair the immune system and cellular redox status (Li, Yin, Li, Kim, & Wu, 2007) . Some indispensable amino acids, in particular, methionine and tryptophan (Trp), have been reported to play important role in the prevention of oxidative stress. Tryptophan derived to 5-hydroxytryptophan (5-HT) that had role to preserve the membrane fluidity in chicken. Whereas oxidative stress puts harmful effects on membran fludity. The 5-HT has beneficial effects on the enzymatic and non-enzymatic anti-oxidant capacity (Dong, Azzam, Rao, Yu, & Zou, 2012; Yue, Guo, & Yang, 2017) .
Tryptophan deficiency leads to depressed body weight gain (BWG), lowered feed intake and poor feed conversion ratio (FCR) along with compromised antibody status (Mozhdeh et al., 2010) .
Tryptophan is a structural component of protein as well as a major precursor of serotonin and melatonin hormones which plays an important role in maintenance of normal physiological processes, for example, tissue synthesis, feed intake, growth performance, FCR and immunity in broiler chickens (Bai et al., 2017) . Further, Trp is also involved in niacin biosynthesis in poultry (Richard et al., 2009) .
Serotonin is a vital neurotransmitter that improves environmental adaptability and alleviates oxidative stress (Martin et al., 2000) . It is also an important mucosal signalling molecule produced by the enterochromaffin cells in the gut and is related to numerous pathophysiological processes (Coates et al., 2004) .
Synthetic amino acids, especially lysine, methionine, threonine and Trp, are regularly supplemented in corn-soybean meal diets.
Also, the response of these amino acids on growth performance has been evaluated extensively. However, there is a need to determine the optimum dietary Trp supplemental level which can enhance growth performance with efficient immune response. Therefore, the present study was designed to investigate the optimum level of Trp and its effect on growth performance, immune response and serum parameters in broiler chickens from days 7 to 21.
| MATERIAL AND ME THOD

| Bird management and experimental diets
One hundred and twenty (n = 120) 1-day-old broiler chicks were reared in a group and fed a commercial diet for 1 week. At the end of first week, the chicks were divided into three groups in such a way that each group had four replicates with 10 chicks in each replicate. The birds were kept for brooding at 95°F for first week and lowered down by 5°F per week till 85°F was attained.
The experimental diets (Table 1) were fed ad libitum. Clean and fresh drinking water was available all time. The experiment lasted for 21 days.
| Performance data
The growth performance in terms of feed intake, BWG and FCR was recorded weekly. On day 21, two chicks per replicate were selected randomly and killed to evaluate carcass characteristics (thigh and breast meat percentage) and visceral organ weight.
| Cellular response
Two birds per replicate were selected and inoculated by avian tuberculin (Veterinary Research Institute Lahore, Pakistan) 0.1 ml and normal saline 0.1 ml between third and fourth interdigital space of right and left foot, respectively, at 19th day of trial. The intra-inflammatory response was measured using screw gauge after 24 and 48 hr of injection and results were interpreted by following the method of Corrier & DeLoach, 1990.
| Humoral response
On day 14, two birds per replicate were administrated intravenously with 3% solution of sheep red blood cells to evaluate humoral immune response in terms of overall antibody response, IgM and IgG. After 7 days of injection, blood samples were collected in test tubes and centrifuged at 402 g for 20 min to collect the serum and were freezed at −20°C till further analysis (Delhanty & Solomon, 1966) .
| Oxidant and anti-oxidant
The blood samples were collected in EDTA tubes from the slaughtered birds and centrifuged at 2,000 rpm (402g) for 20 min to separate the plasma. The blood plasma was freezed at −20°C for further analysis for the estimation of oxidant and anti-oxidant status. The oxidant status (Erel, 2005) , anti-oxidant capacity (Erel, 2004) , catalase activity K E Y W O R D S broiler, growth performance, immune response, oxidant and anti-oxidant status, tryptophan (Goth, 1991) , glutathione reductase (Klotzsch & Bergmeyer, 1965) , glutathione peroxidase (Alam, Bristi, & Rafiquzzaman, 2013) and arylesterase (ARE) activity (Juretic et al., 2006) were analysed.
| Statistical analysis
The data were analysed statistically using GLM procedures of Minitab (17). Significant means were compared by Tukey's test (Steel, Torrie, & Dickey, 1997) .
| RE SULTS
| Growth performance from days 7 to 21
The results demonstrated that Trp has no effect on feed intake. The Trp 0.3 and Trp 0.5 tended to increase (p < .05) the BWG and improve FCR as compared to control group that was supplemented with 0.2% Trp (Table 2 ).
| Carcass characteristics
Carcass characteristics (thigh and breast meat), visceral organ weights (liver, kidney, spleen, heart and intestine) remained unchanged by the dietary treatment (Table 3 ). (Table 4 ).
| Oxidant and anti-oxidant status
| Immune response
The data demonstrated that at 24 hr of avian tuberculin inoculation, Trp supplementation increased (p < .01) the inflammatory response. However, inflammatory response disappeared after 48 hr of injection (Table 5 ). The results of humoral immune response showed that the overall antibody titre and IgG increased (p < .01) with increasing Trp in diet. But IgM titre was not different among the dietary treatments (Table 6 ).
| D ISCUSS I ON
In this study, feed intake remained unchanged by the dietary treatments but BWG and FCR were improved. Similarly, no effect was noticed on carcass traits. These findings are supported by the previous studies (Duarte et al. 2013; Mr & Azam, 2014) in which Trp supplementation had similar response. The similar result for feed intake (Rosebrough, 1996) reported that the feed intake was decreased when broiler chicken was fed by the diet containing low crude protein and excess level of Trp supplement. Duarte et al. (2013) also concluded that Trp had no effect on feed intake in broiler chicken. This result might be due to the crude protein (18.4%) in diet. As Trp is a chief molecule to control behaviour and physiological functions and ultimately required more than national research council (NRC) recommendation for maximum weight gain and FCR in broiler (Cortamira, Seve, Lebreton, & Ganier, 1991; Dong & Zou, 2017; Rosa & Pesti, 2001 The present study showed that the Trp increased the cellular and humoral immunity in broiler chicken. Sanchez, Sanchez, Paredes, Rodriguez, and Barriga (2008) (Emadi et al., 2011; Mozhdeh et al., 2010) . Gershoff, Gill, Simonian, and Steinberg (1968) observed that a deficiency of Trp decreased the antibody production. Esteban et al. (2004) indicated that the synthesis of serotonin and melatonin, as well as the innate immune response, can be modulated by Trp.
In conclusion, Trp is third or fourth limiting amino acid in poultry diets. The study proposed that dietary Trp supplementation level should be greater than NRC (1996) recommendations.
Tryptophan level of 0.3% and 0.5% as compared to 0.2% improved growth performance but had no effect on carcass characteristics. Tryptophan level above the NRC recommendation improved the anti-oxidant status, humoral and cellular immunity in broiler chicken during 7-21 days.
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